INTRODUCTION
In fall of 1977 firing tests were conducted to determine the interior ballistic causes for the adverse free flight performance and the effects of changes in the projectile assembly on the launch performance of the lOSmm M392A2 subcaliber kinetic energy round 1 ' 2 . Figure 1 shows the projectile assembly with and without a base plug. The instrumentation assembled for this investigation and the experimental arrangement are depicted in Figure 2 . Range safety and protection of instrumentation required that the sabot petals of the M392A2 projectiles be prevented from flying downrange. Therefore, a sabot catcher was erected eight meters from the muzzle. It allowed the undisturbed passage of the subprojectile and the sabot pot but retained the sabot petals. Five centimeter thick steel armor plates welded together formed the back and side walls of the structure, whereas 3.2 mm thick aluminum panels mounted to a steel frame were used for the front wall to permit penetration of the sabot petals into the interior of the structure. The structure itself was filled with sand for slowing down and arresting the petals. A steel tube with an interior diameter of 45 cm and with its centerline aligned with the firing line was inserted into the sabot catcher to allow unobstructed passage of the projectile.
Using the firing line as the center, the impact positions of the sabot petals on the front wall were recorded. Tables 1 and 2 contain the petal impact locations for the M392A2 projectiles fired with and without the base plug, respectively. The first column gives the round identification number, the next four columns give the month, day, hour and daily sequence of the shot, and the remaining columns give the horizontal and vertical components of the petal impact locations. Accuracy of the data is within ± 1.5 cm.
II. DATA ANALYSIS
From these data, one can calculate the center of petal impacts for each round and the impact locations of the petals with respect to their center (Table 3) . Also shown are the angular positions of the individual centers of petal impacts with respect to the average of the total sample as well as the averages of the subsamples and the transverse velocity and spin of the petals at the muzzle exit. The geometric parameters referred to in this table are depicted in Figure 3 . CENTER OF PETAL IMPACTS •-
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A. Figure 4 shows graphically the centers of petal impacts for all rounds for which the impacts were recorded. The averages for the subsamples, M392A2 unmodified and modified with the base plug, coincide with the sample average. Though included in the first population, round #44 actually belongs to a third population since the standard obturator was replaced by a wider one, thus changing the very early projectile in-bore motion. Excluding this round from the first population, one observes that all rounds belonging to this population are compactly grouped about their average of petal impacts. All errors indicated correspond to one sample standard deviation. frequency diagram and all subsequent ones are generated by dividing the parameter axis into intervals of appropriate size and constructing over the i-th interval an area which is proportionally weighted to the number of observations in that interval and in its neighboring intervals. In the above diagram, for instance, an observation which fell in the i-th interval contributed half of its score to the i-th interval and one forth to the (i-l)-th and (i+l)-th interval, respectively. A nonrandom angular distribution for the centers of the sabot petal impacts was expected, because the muzzle motion at the time of projectile exit from the gun generally is nonrandom and the wear of the tube used for this experiment suggested two preferential transverse alignments of projectile axis during in-bore travel.
Distribution of Centers of Sabot Petal Impacts
It is intended to investigate the correlation between transverse muzzle velocity, alignment of projectile axis, and location of sabot petal impact center in more detail after all tube acceleration and strain data have been analyzed.
The angular distribution of the centers combines the observations from at least two populations. Separating the main contributions, one observes that the sample from the population M392A2 modified ( Figure 6 ) exhibits three main angular directions at 51° and 215.5 ± 31.5°. The sample from the population M392A2 unmodified includes round #44 which actually belongs to another population and unduly distorts the angular distribution (Figure 7) . Excluding round #44 from the sample size (Figure 8 ), one obtains a pattern similar to that observed for the modified projectiles. Though the angular distributions are based on small sample sizes, the coincidence of two populations having the same distribution pattern strongly indicates that the conglomeration of petal impact centers at the distinct angles is real and may be deterministically relatable to the projectile launch mechanism. Table 3 also contains the impact locations of the sabot petals with respect to this center in polar coordinates. The frequency diagram for the azimuths of these vectors (Figure 9) shows that the angular distribution of the sabot petal impacts is not uniform as expected, when plotted modulo 120 degrees. Apparently, the impacts are aggregated into groups. Statistical analysis of the distribution indicates four groupings. Since the observations pertain to basically two distinct populations of projectiles, it is advisable to part and analyze them separately. The population M392A2 modified ( Figure  10 ) is grouped about three directions: <j) T are practically identical to those obtained for the first sample. By rotating the angular sample distribution for the population M392A2 modified by 8.5°, the angularly preferred directions can be brought to coincide with those obtained for the population M392A2 unmodified (Figure 12 ), thus emphasizing the groupings of the sabot petal impacts. The angular directions for the groups III and II exhibit themselves as mirror images of the directions fcr the groupings I and IV, respectively, as shown schematically in Figure 13 .
B. Angular Distribution of Sabot Petal Impacts
The grouping of the sabot petal impact locations about preferential directions cannot be considered an accidental artifact introduced by the small sample size, since it occurs for both sample distributions and has also been observed in a firing test conducted at Yuma Proving Ground, July 1981 3 . Therefore, one must find a physically plausible explanation for this unexpected angular bias. Theoretical models of the in-bore motion of the sabot petals 4 . evaluating various physically possible contact conditions between the petals and subprojectile, petals and sabot bucket, and petals and bore as allowed by the clearances and subprojectile alignment, have evidenced that certain petal in-bore motion configurations cannot be sustained in a vibrating gun tube. This suggests that the vibrating tube may act as a filter or tuning mechanism shifting the petal configuration into preferred modes of angular motion which are compatible with the tube motion. If this hypothesis is correct, grouping should also be observed for the angular velocity distribution of the petals at their exit from the muzzle or, equivalently, for the distribution of the mean radial displacement of the sabot petal impacts.
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C. Displacement Distribution Of Sabot Petal Impacts
A dot diagram showing the mean radial displacement of the sabot petal impacts from their center of impact for each round recorded is given in Figure  14 . The distances are identified by type of population and directional grouping of petal impact. Because of small sample size and for symmetry reasons, the four angular groupings have been combined into two groups, I plus III and II plus IV, respectively. The mean radial displacements of petal impacts for Figure 15b) , and a sabot petal belonging to the third group makes two complete revolutions (Figure 15c ). This rotational velocity pattern explains the observed grouping in the angular distribution of the petal impacts. As indicated before, round #36 does not fall into the observed angular velocity bands. Either the sabot petals were still in the process of spinning up to the stable angular velocity band of "Iw" or belong to a lower stable band as indicated in Figure 14d .
Another way to look at the impact data is to transform the radial displacements into sabot petal departure angles at the muzzle (Table 4) . 2.02' 3.14'
The averages of the departure angles for the samples from the two populations are listed also. Schmidt et al. 5 obtained for a one third scale model of the 105 mm, M68 tank gun and the M392A2 kinetic energy projectile, a value of 5.88° which is about six percent lower than the theoretical value of 6.26° expected for petals rotating with the rifling, but 110 percent higher than the cited value of 2.8° obtained from a 1977 TECOM test firing of the actual M392A2 projectiles 6 . The mean departure angle in this experiment is nine percent lower than the TECOM value.
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III. CONCLUDING REMARKS
Analysis of the sabot petal impact data indicates that the 105 mm M68 tank gun -M392A2 projectile system is characterized by a synergism of projectile in-bore motion and tube motion which (i) acts as a tuning mechanism for the angular in-bore motion of the sabot petals, forcing them into discrete angular velocity and orientation bands compatible with the tube vibration and (ii), at the time of projectile exit from the muzzle, imparts a transverse velocity component on the sabot petals such that the centers of petal impacts of the individual rounds are distributed about a few preferred angular orientations.
Attempts are under way to correlate these observations with other projectile and gun dynamic parameters obtained from the same firing experiment and to use them as a means for assessing muzzle motion and subprojectile spin at shot exit qualitatively as well as quantitatively.
The angular velocity and orientation tuning of the sabot petals should not be considered an oddity, peculiar only to the M392A2 type of projectiles. Theoretically, this effect could occur for all projectile configurations which have angularly segmented sabots and a slipping ring for only partial transmission of the rifling torque to the subprojectile. Therefore, one should attempt to measure the launch parameters of the sabot segments for this type of projectile whenever possible and periodically conduct a statistical analysis of the accumulated data. The use of a witness board for recording sabot impact is probably the most cost effective measurement setup available.
